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ABSTRACT
Objectives: Injury Severity Score (ISS) is the most widely
used method of assessing severity of injury in blunt trauma.
It has been recognized that, by only allowing the score to
consider the worst injury for each body system, ISS under-
estimates the problems of multiple musculoskeletal injuries.
The New ISS (NISS) allows the three most severe injuries to
be scored, irrespective of region affected, and may give better
prediction of functional recovery in these patients.
Methods: A prospective cohort study of 200 patients with
musculoskeletal injuries, examining the predictive value of
ISS and NISS on functional recovery as measured by patient-
derived outcome measures (Short Form-36, Sickness Impact
Proﬁle, and Musculoskeletal Function Assessment).
Results: NISS was greater than ISS in 34 patients (17%).
NISS showed closer correlation with total scores and sub-
scores of the outcomes measures than did ISS (Spearman’s
rho ranked test, P < 0.05).
Conclusions: NISS, a simple modiﬁcation from ISS, better
predicts functional outcomes in survivors of musculoskeletal
trauma, and offers an improvement in the assessment of
effectiveness of trauma care delivery.
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Introduction
The challenge in assessing the effectiveness of delivery
of health care in musculoskeletal trauma is that of
assessing the recovery of an extremely heterogeneous
patient group. No two injuries are exactly alike, and
when patients have multiple injuries the difﬁculties of
comparing patients are magniﬁed. Studies that focus
on single injury types are difﬁcult enough, because of
the differences present even in relatively limited patient
populations; assessing the effectiveness of overall
trauma care as a system in terms of functional recovery
for all comers by looking at individual injury types
becomes effectively impossible. We need a way to com-
pare the overall severity of a patient’s injuries, so that
comparison of the initial injury with functional recov-
ery can provide a basis for assessing the overall effec-
tiveness of a trauma system. The development of the
Abbreviated Injury Score (AIS) [1] and the subsequent
Injury Severity Score (ISS) [2] were signiﬁcant steps
toward the goal of estimating the probability of an
individual surviving an injury or combination of inju-
ries. They have further been used to compare treat-
ment methods, delivery of treatment and the
performance of treating doctors in trauma care [3], but
not without difﬁculties.
In the assessment of the patient with multiple
injuries, the AIS allows each injured region (external,
head and face, neck, thorax, abdomen/pelvic contents,
spine, extremities/bony pelvis) to be given a single
score from 1 (minor) to 6 (regarded as unsurvivable),
but does not allow any combination of these scores.
The ISS is a reﬁnement of the AIS, taking the squares of
the highest three AIS region scores together to give a
single, nonlinear score. The ISS has become the most
widely used score for evaluating patients with multiple
injuries from blunt trauma [4].
Although these scores were developed with a view
to predicting survival after multiple injuries, they are
used, formally and informally, in the prediction of out-
comes other than death, such as functional impairment
[3,5]. The ISS has signiﬁcant shortcomings in the
assessment of multiple musculoskeletal injuries. In a
patient with multiple fractures, the ISS will only factor
in the most severe axial skeleton injury, and may
underestimate the overall severity by ignoring other
signiﬁcant skeletal injuries [3,6]. The result of this is
that a patient with a single long bone fracture will have
a similar ISS score to a patient with multiple fractures,
controlling for other associated injuries. To overcome
this shortcoming, a new version of the ISS, the New ISS
(or NISS), has been developed [7]. The NISS takes the
three most severe AIS values, irrespective of body
region, with the aim of taking full account of multiple
injuries in the same body region, particularly muscu-
loskeletal injuries.
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The NISS has been shown to increase the apparent
injury severity in multiple trauma, and to predict more
accurately short-term mortality [4,7–9] and extended
hospital and intensive care unit stay [10,11]. We
wished to evaluate whether it would also better predict
functional outcome 6 months after musculoskeletal
trauma.
Materials and Methods
As part of a wider study of trauma outcomes, a cohort
of patients treated in the Orthopaedic Trauma Unit of
Aberdeen Royal Inﬁrmary was recruited between April
1, 1999 and February 23, 2000. Patients eligible for
entry were aged 17 to 70 years old, with at lease one
musculoskeletal injury. As we wished to focus on the
recovery of musculoskeletal injuries, those with signif-
icant head injuries (unconscious more than 15 min,
Glasgow Coma Scale less than 13) were excluded.
Patients with low energy, osteoporotic, fractures were
also excluded. Two hundred patients were successfully
entered into the study, and completed initial documen-
tation. All were invited to complete the Short Form-36
(SF-36), Sickness Impact Proﬁle (SIP), and Muscu-
loskeletal Function Assessment (MFA) patient-derived
outcome measure at 6 months after their injury.
For complete accuracy of scoring ISS, retrospective
scoring is often necessary, even to the extent of using
autopsy information [12], as complete information on
the extent of the injuries may take time to become
clear. We scored ISS and NISS based on completed
information in medical charts at the time of discharge.
The SF-36 is a valid, sensitive, and reliable measure
of change in health status, and was ﬁrst introduced in
1992 [13,14]. It has been validated for use in the
northeast of Scotland [15], and the latest version (SF-
36 II) has been further validated in a general UK pop-
ulation [16]. This version was used in the present
study, and will be referred to generically as SF-36. The
MFA was developed with the aim of combining the
beneﬁts of disease-speciﬁc outcomes measures in mus-
culoskeletal conditions with the robustness of more
general patient-derived outcomes measures such as SF-
36 [17,18]. The SIP is a behavior-based health status
questionnaire, developed in the 1970s and widely used
since [19,20]. All three instruments produce a series of
subscales and the MFA and SIP produce an overall
total score.
Analysis of the relationship between trauma scores
(ISS and NISS) and outcomes scores was by the Spear-
man’s rho ranked test using the Statistical Package for
Social Sciences (SPSS v9.1, SPSS Inc., Chicago, IL,
USA) on a personal computer. ISS and NISS are not
continuous variables, produced as they are by sum-
ming the squares of up to three AIS score (each ranging
from zero to six). All scores produced are whole num-
bers and, for example, a score of seven on ISS or NISS
is not possible for simple arithmetic reasons. There-
fore, ISS and NISS cannot be evaluated as continuous
variables, particularly in comparison with continuous
variables such as SF-36, SIP or MFA scores, where a
simple correlation analysis would be invalid [21]. For
this reason, analysis was by Spearman’s rho ranked
test; to ensure assessment of scores by ordered but
noncontinuous ISS and NISS values. No adjustments
were made for multiple statistical testing.
Results
Two hundred patients were recruited to a wider study
of trauma outcomes, and were taken from admissions
to the Orthopaedic Trauma Unit of Aberdeen Royal
Inﬁrmary between April 12, 1999 and February 12,
2000. The mean age of the patients was 37 years
(range 16–68 years), and 136 (68%) were male. Mech-
anism of injury was road trafﬁc accident in 33%, falls
in 39%, sports in 13%, and work in 11%. Patients
had sustained a variety of musculoskeletal injuries,
predominantly fractures, with 46 (23%) having mul-
tiple injuries. The mean ISS was 8.21 (median 9.00,
range 4–32) and the mean NISS 9.25 (median 9.00,
range 4–41). NISS was higher than ISS in 34 cases
(17%).
At 6 months, 150 patients (75%) completed follow-
up. The patients that did not complete follow-up were
not statistically different from those that did so, in
terms of ISS, NISS, or demographics, and they simply
failed to return completed forms, in spite of repeated
reminders. There were no deaths during the study
period. The correlation between the continuous out-
comes scores generated by each of the three measures,
and the ISS and NISS scores are shown in Tables 1–3.
In each table, where the NISS gives stronger correla-
Table 1 Comparison of SF-36 scale score correlation with ISS
and NISS (Spearman’s rho ranked correlation)
ISS NISS
Physical Function −0.339 −0.362
P < 0.001 P < 0.001
Social Function −0.345 −0.353
P < 0.001 P < 0.001
Physical Role Limitation −0.371 −0.382
P < 0.001 P < 0.001
Emotional Role Limitation −0.284 −0.288
P = 0.001 P < 0.001
Mental Health −0.155 −0.171
P = 0.061 P = 0.039
Energy −0.116 −0.137
P = 0.161 P = 0.099
Pain −0.201 −0.224
P = 0.015 P = 0.006
General Health Perception −0.101 −0.071
P = 0.220 P = 0.391
ISS, Injury Severity Score; NISS, New Injury Severity Score; SF-36, Short Form-36.
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tion with the outcome score than ISS, the P-value is
highlighted in bold text.
When using the SF-36, stronger correlations were
seen between NISS and psychosocial outcomes than
between ISS and the same outcomes, with the excep-
tion of Energy and General Health Perception. For
Physical Function, Social Function, and Physical Role
Limitation, the correlation for both ISS and NISS was
at the level of P < 0.001. For Emotional Role Limita-
tion, Mental Health, and Pain, the correlations were
somewhat more signiﬁcant for the NISS than for the
ISS.
With regard to the MFA, stronger correlations were
seen between NISS and psychosocial outcomes than
between ISS and the same outcomes, with the excep-
tion of Hand/Fine Motor, Sleep/Rest, Leisure/Recrea-
tion and Family Relationships. For Employment/
Work, and MFA Total, the correlation for both ISS and
NISS was at the level of P < 0.001, whereas for Mobil-
ity, Housework, Self-care, Cognition/Thinking and
Emotional Adjustment the correlations were some-
what more signiﬁcant for the NISS than for the ISS.
The SIP showed stronger correlations between NISS
and each dimension and the Total Score than between
ISS and the same scores. For the Physical Dimension
and the Total Score the correlation was at the level of
P < 0.001 for ISS and NISS, whereas for the Psycho-
social Dimension the correlations where somewhat
more signiﬁcant for NISS than for ISS.
Although the differences in correlations seen
between the outcomes measures used and ISS and
NISS, respectively, were small, there was a consistent
trend to better prediction of functional outcome with
NISS than with ISS.
Discussion
Although originally introduced to predict survival and
mortality after multiple injuries, the ISS has become
the most widely used measure of injury severity and
has been used in prediction and measurement of out-
comes other than death. Its shortcomings with regard
to multiple orthopedic injuries [3,6] are corrected
largely by the modiﬁcation of scoring that creates the
NISS from the three most severe injuries rather than
the three most severely injured body regions [4,7]. In
this study of a mixed group of orthopedic trauma,
17% of patients had a NISS that was higher than the
ISS. As all of the patients who NISS was higher had an
initial ISS of nine or above, a study of only more
severely injured patients might be expected to show a
greater impact of using NISS over ISS. We wished to
examine the effect of using NISS in a heterogeneous
group in the ﬁrst instance.
New Injury Severity Score correlates with physical
and psychosocial outcomes scores as used in this study
at least as well as the ISS. Although the correlations
with improved P-values are seen in the psychosocial
subscores of the SF-36 and the SIP, stronger correla-
tions are also seen in the physical subscores of each,
albeit at the level of P < 0.001 for ISS and NISS. With
the MFA, NISS better predicts physical function in
terms of mobility and ability to perform activities of
daily living, as well as cognition and emotional adjust-
ment. The only subscores with which ISS correlated
more strongly than NISS was the Hand/Fine Motor,
Sleep/Rest and Family Relationship subscores of the
MFA.
It is possible that larger differences in functional
outcome prediction between ISS and NISS may be
found in a study that focuses on patients with multiple
injuries only. Our study of 200 patients contained only
34 who had a NISS higher than ISS, and it was not
possible to draw meaningful conclusions from analysis
of that group in isolation. Our follow-up was just to
6 months, and again longer follow-up studies would
be required to assess the ﬁnal functional outcome, par-
Table 3 Comparison of SIP dimension scores correlation with
ISS and NISS (Spearman’s rho ranked correlation)
ISS NISS
Physical Dimension 0.300 0.321
P < 0.001 P < 0.001
Psychological Dimension 0.202 0.230
P = 0.013 P = 0.005
SIP Total 0.322 0.346
P < 0.001 P < 0.001
ISS, Injury Severity Score; NISS, New Injury Severity Score; Sickness Impact Proﬁle.
Table 2 Comparison of MFA score correlation with ISS and
NISS (Spearman’s rho ranked correlation)
ISS NISS
Mobility 0.262 0.299
P = 0.001 P < 0.001
Hand/Fine Motor −0.208 −0.162
P = 0.011 P = 0.047
Housework 0.151 0.163
P = 0.066 P = 0.047
Self-care 0.156 0.165
P = 0.057 P = 0.044
Sleep/Rest 0.087 0.078
P = 0.292 P = 0.341
Leisure/Recreation 0.300 0.299
P < 0.001 P < 0.001
Family Relationships 0.243 0.239
P = 0.003 P = 0.003
Cognition/Thinking 0.256 0.312
P = 0.002 P < 0.001
Emotional Adjustment 0.261 0.291
P = 0.001 P < 0.001
Employment/Work 0.333 0.353
P < 0.001 P < 0.001
MFA Total 0.282 0.311
P < 0.001 P < 0.001
ISS, Injury Severity Score; MFA, Musculoskeletal Function Assessment; NISS, New
Injury Severity Score.
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ticularly in patients with multiple injuries. Although
many of the differences found between ISS and NISS in
terms of correlation with physical and psychosocial
outcomes were small, they are nevertheless consist-
ently in the same direction.
Using the statistical methods above, we have shown
in this pilot study that the NISS is a somewhat better
predictor of functional outcome at 6 months in ortho-
pedic trauma than its predecessor, although this is not
what ISS was originally designed for. Both scores,
however, correlate signiﬁcantly with physical and psy-
chosocial outcome as measured by SF-36, SIP, and
MFA. Functional outcome after trauma is multifacto-
rial, but both ISS and NISS can be used to provide
some useful predictive information. We would not
advocate the replacement of ISS with NISS, but as
scoring the NISS is a minor modiﬁcation to the scoring
of ISS, using both in parallel in monitoring trauma care
could provide extra useful information for minimal
extra effort. This enhanced trauma scoring may be use-
ful in the assessment of trauma care delivery within
and between centers, with the aim of optimizing over-
all treatment of patients with musculoskeletal trauma.
Source of ﬁnancial support: Tenovus Scotland (Grant G99/3,
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References
1 Joint Committee on Injury Scaling. The Abbreviated
Injury Scale (AIS), 1980 Revision. Arlington Heights,
IL: American Association for Automotive Medicine,
1980.
2 Baker SP, O’Neill B, Haddon W Jr, Long WB. The
injury severity score: a method for describing patients
with multiple injuries and evaluating emergency care.
J Trauma 1974;14:187–96.
3 Michaels AJ, Madey SM, Krieg JC, Long WB.
Traditional injury scoring underestimates the relative
consequences of orthopedic injury. J Trauma 2001;
50:389–95.
4 Brenneman FD, Boulanger BR, McLellan BA, Redel-
meier DA. Measuring injury severity: time for a
change? J Trauma 1998;44:580–2.
5 Holbrook TL, Anderson JP, Sieber WJ, et al. Out-
come after major trauma: 12-month and 18-month
follow-up results from the Trauma Recovery Project.
J Trauma 1999;46:765–71.
6 Poole GV, Tinsley M, Tsao AK, et al. Abbreviated
Injury Scale does not reﬂect the added morbidity of
multiple lower extremity fractures. J Trauma 1996;
40:951–4; Discussion 954–5.
7 Osler T, Baker SP, Long W. A modiﬁcation of the
injury severity score that both improves accuracy and
simpliﬁes scoring. J Trauma 1997;43:922–5.
8 Frankema SP, Steyerberg EW, Edwards MJ, van Vugt
AB. Comparison of current injury scales for survival
chance estimation: an evaluation comparing the
predictive performance of the ISS, NISS, and AP
scores in a dutch local trauma registration. J Trauma
2005;58:596–604.
9 Lavoie A, Moore L, LeSage N, et al. The New Injury
Severity Score: a more accurate predictor of in-hospi-
tal mortality than the Injury Severity Score. J Trauma
2004;56:1312–20.
10 Balogh ZJ, Varga E, Tomka J, et al. The new injury
severity score is a better predictor of extended hos-
pitalization and intensive care unit admission than
the injury severity score in patients with multiple
orthopaedic injuries. J Orthop Trauma 2003;17:
508–12.
11 Lavoie A, Moore L, Lesage N, et al. The Injury Sever-
ity Score or the New Injury Severity Score for predict-
ing intensive care unit admission and hospital length
of stay? Injury 2005;36:477–83.
12 Harviel JD, Landsman I, Greenberg A, et al. The
effect of autopsy on injury severity and survival prob-
ability calculations. J Trauma 1989;29:766–72; Dis-
cussion 772–3.
13 Ware JE Jr, Sherbourne CD. The MOS 36-item short-
form health survey (SF-36). I. Conceptual framework
and item selection. Med Care 1992;30:473–83.
14 McHorney CA, Ware JE Jr, Raczek AE. The MOS 36-
Item Short-Form Health Survey (SF-36): II. Psycho-
metric and clinical tests of validity in measuring
physical and mental health constructs. Med Care
1993;31:247–63.
15 Garratt AM, Ruta DA, Abdalla MI, et al. The SF36
health survey questionnaire: an outcome measure
suitable for routine use within the NHS? BMJ
1993;306:1440–4.
16 Jenkinson C, Stewart-Brown S, Petersen S, Paice C.
Assessment of the SF-36, version 2 in the United King-
dom [See Comments]. J Epidemiol Community
Health 1999;53:46–50.
17 Engelberg R, Martin DP, Agel J, et al. Musculoskel-
etal function assessment instrument: criterion and
construct validity. J Orthop Res 1996;14:182–92.
18 Martin DP, Engelberg R, Agel J, et al. Development of
a musculoskeletal extremity health status instrument:
the musculoskeletal function assessment instrument. J
Orthop Res 1996;14:173–81.
19 Bergner M, Bobbitt RA, Kressel S, et al. The sickness
impact proﬁle: conceptual formulation and method-
ology for the development of a health status measure.
Int J Health Serv 1976;6:393–415.
20 Bergner M, Bobbitt RA, Carter WB, Gilson BS. The
sickness impact proﬁle: development and ﬁnal
revision of a health status measure. Med Care
1981;19:787–805.
21 Stevenson M, Segui-Gomez M, Lescohier I, et al. An
overview of the injury severity score and the new
injury severity score. Inj Prev 2001;7:10–13.
